Study aim: The purpose of this study was to determine if high school physical education seniors' health-related fitness knowledge is related to their aerobic capacity and body composition.
Introduction
Due to the increase in sedentary behavior [7] and obesity [20] among adolescents, public health initiatives (i.e. Comprehensive School Physical Activity Programs [3] and Healthy People 2020 [25] ) have identified the school system, specifically the discipline of physical education, as a key contributor in helping educate youth in the adoption of a physically active lifestyle. The national standards for physical education have always supported this by identifying that students should demonstrate the knowledge and skills to achieve and maintain a healthenhancing level of physical activity (PA) and fitness [17] .
Students can meet these goals by learning healthrelated fitness concepts, how to assess fitness, identify fitness goals, and design fitness programs. However, it has been identified that physical education programs need to be strengthened in regard to teaching health-related fitness [11, 14] . Although the national standards for physical education identify the importance of promoting PA in physical education, physical education has been an underused source [8] and more efforts are needed in this field [21] to help reduce sedentary behaviors and obesity among adolescents.
To adopt a physically active lifestyle it is critical to understand (i.e. apply) the principles and concepts of health-related fitness [1] . The attainment of health-related fitness knowledge is positively related to PA participation [12, 25] . Due to this relationship the mastery of healthrelated fitness concepts has emerged as an important area that needs to improve among adolescents [15, 19, 22] . The lack of health-related fitness knowledge has been linked as a factor to obesity among middle school youth [28] . Additionally it has been proposed that health-related fitness knowledge could be a contributing component to establishing and maintaining a physically active lifestyle [29] . There is limited research that has linked knowledge with achieving a health-enhancing level of physical fitness [17] . The purpose of this study was to determine if high school physical education seniors' health-related fitness knowledge is related to their aerobic capacity and body composition. A secondary purpose was to examine gender differences between health-related fitness, aerobic capacity, and body composition.
Participants and Setting
Participants were 171 senior physical education students from one public high school in the Midwestern U.S. Male (n = 88) and female (n = 83) participants (ages from 17 to 18 years) were assessed in 3 areas: health-related fitness knowledge, body composition, and cardiovascular endurance. Permission was obtained from the University Institutional Review Board, the school administration, teachers, and students prior to data collection.
Instrumentation
Health-related fitness knowledge was measured through a modified version of the FitSmart [29] healthrelated fitness knowledge exam. The FitSmart is the only validated standardized multiple choice exam designed to assess secondary students health-related fitness knowledge in the following areas: concepts of fitness, scientific principles of exercise, components of physical fitness, effects of exercise on chronic disease risk factors, exercise prescription and nutrition, injury prevention, and consumer issues [29] . Due to time constraints in the physical education setting the primary researchers modified the 50 question exam to 40 questions.
The FITNESSGRAM [9] 20-meter PACER (Progressive Aerobic Cardiovascular Endurance Run) test was used to assess aerobic capacity. The PACER is a multistage fitness test that progressively gets faster while the participant runs continuously back forth across a 20-meter space. Students' PACER scores were converted to VO 2max using the following formula: VO 2max = 32.57 + 0.27 (laps) + 3.25 (gender) + 0.03 (age) [5] . The PACER has demonstrated strong reliability and validity against measured VO 2max [9] .
In a physical education setting there are three recommended methods to measure body composition (BMI, skinfolds and bioelectrical impedance (BIA)) [26] . These methods are recommended due to the feasibility (time and expense) of the assessment. In this study body composition was assessed using the Tanita TBF 300A BIA. There is some variability in results when comparing BIA to hydrostatic weighing, Bod Pod and Dexa. However, Terbizan, Rhee and Stasny [23] found that Tanita TBF 300A BIA provided accurate body fat percentage predictions.
Procedures
Four certified high school teachers were trained by one of the researchers on how to administer the health-related fitness exam, body composition assessment (BIA), and the aerobic endurance assessment (PACER). Teachers were then given a 6-week timespan to complete the body composition and aerobic capacity assessments. Participant estimated VO 2max and percent body fat were categorized into the healthy fitness zones set by the FitnessGram/ ActivityGram Test Administration Manual [9] . The healthrelated fitness knowledge exam was completed during the 6th week. Participants completed the 40 question healthrelated fitness exam on a computer through an online survey system during their physical education class. Exams were then scored using the percentage of questions answered correctly.
Statistical Analysis
Descriptive statistics were calculated and stratified by sex. Independent samples t-tests (for continuous variables) and chi-square tests of independence (for categorical variables) were used to identify differences in fitness (body composition and aerobic capacity) and exam performance between males and females. Partial correlations were conducted to estimate associations between exam score, body composition and aerobic fitness while controlling for age and sex. Following, a multiple linear regression model was used to predict exam score from %BF and estimated VO 2max , also controlling for age and sex. Because both body composition and aerobic fitness are associated with FITNESSGRAM Healthy Fitness Zone (HFZ) standards, comparisons between the fitness groups (HFZ vs. high risk, etc.) were completed using univariate ANOVA models controlling for age and sex. Finally, to create groups of equal size, students were split into quartiles based on exam scores (Q1: ≥ 55%, Q2: 45% to <55%, Q3: 38% to <45%, Q4: <38%). Continuous percent body fat and estimated VO 2max values were compared between quartiles using univariate ANOVA models controlling for age and sex. All analyses were conducted in IBM SPSS Version 20 (Somers, NY).
Results
Descriptive statistics are in Table 1 The partial correlations indicated a weak-moderate, negative relationship between %BF and estimated VO 2max (r = -0.44, p < 0.001). There was no association between %BF and exam score (r = 0.01, p = 0.916). However, there was a weak association between estimated VO 2max and the exam (r = 0.256, p = 0.001), where students with higher exam scores tended to also have higher aerobic fitness when controlling for age and sex. When %BF and estimated VO 2max were entered simultaneously into a multiple linear regression model similar results were found. Aerobic fitness (ml/kg/min) was a statistically significant predictor of exam score (β = 0.563, p < 0.001), but %BF was not (β = 0.185, p =0.074). The entire model, controlling for age and sex, accounted for 8.6% of the variance in exam score.
The results of the univariate ANOVA models comparing exam score by the FITNESSGRAM classification system are located in Table 2 For body composition, in general, exam scores were lower for students with %BF values in the Very Lean and High Risk groups and highest in the HFZ and Some Risk stratifications. Considering only the significantly different groups, adjusted mean exam score differences ranged from approximately 5% to 7.5%. When comparing the groups on aerobic fitness FITNESSGRAM classifications, the students in the HFZ had the highest adjusted exam score and the High Risk group had the lowest, but these differences were 1.5-2.0% and were not statistically significant.
The results of the univariate ANOVA models comparing continuous %BF and VO 2max are located in Table  3 . Because of ties within the exam score distribution, the four quartiles were similar in size, but not identical (varying between 20% and 29% of the total sample per group). There were no differences between the 4 groups by %BF (all p > 0.05). However, the top quartile (highest exam scores) were those students with the highest adjusted mean estimated VO 2max , by approximately 4-5 ml/kg/min. In general males had a lower percent body fat and a higher estimated VO 2max than females. However, when using the age-and sex-specific FITNESSGRAM standards, a similar proportion of males and females tested into the HFZ. Further, the majority of students in the sample had body composition and aerobic fitness scores within the HFZ. Males and females also scored similarly on the exam, with a mean score near 45%.
Discussion
Given the significant health consequences due to inactivity among adolescents, there is a need to examine factors that could potentially promote PA in obtaining adequate fitness levels. Knowledge acquisition of health-related fitness concepts has been identified as a factor that could potentially increase PA and fitness among adolescents. Over the past decade there has been a greater emphasis placed on physical education to teach health-related fitness concepts. The purpose of this study was to determine if high school physical education seniors' health-related fitness knowledge was related to their aerobic capacity and body composition. Although this is not the first study to examine health-related fitness knowledge it is the first to compare knowledge to two specific fitness outcomes. The average health-related fitness exam score among males and females (44.6%) were a failing grade; however, the scores were comparable to other health-related fitness knowledge acquisition studies [10, 12, 15, 22, 24] despite the methodological differences (different health-related fitness exams) between the studies. These failing scores can be attributed to the lack of health-related fitness content covered in class, teacher variables (i.e. knowledge, teaching style), and lack of student accountability (i.e. the grade on the exam does not count towards the students' overall grade). Only one aforementioned study [24] examined students' knowledge that were actually enrolled in a healthrelated fitness concept-based physical education class.
An examination of %BF and estimated VO 2max among males and females showed that males had lower %BF and higher estimated VO 2max scores (14.0 ± 9.4 & 52.8.6 ± 7.2) than females (24.7 ± 9.2 & 43.2 ± 5.1). When %BF and estimated VO 2max scores were placed in the FITNESS-GRAM healthy fitness zones a slightly greater percentage of males (69.3%) compared to females (62.7%) were in the HFZ for %BF and a greater percentage of males (88.6%) compared to females (78.3%) were in the HFZ for aerobic fitness. In a study measuring FITNESSGRAM achievement among Texas high school-aged youth 34.2% of males and 31.4% of females were classified in the HFZ for aerobic capacity and 70.6% of males and 70.0% of females were classified in the HFZ for body composition [27] . Although the body composition results were similar to the current study it should be noted that the aforementioned study assessed body composition through BMI measurement not %BF. The amount of individuals classified in the HFZ for aerobic capacity was significantly different than the current study. A possible explanation for this result could be that the participants in the current study had required daily physical education. The difference between the amount of males and females in this study that were classified in the HFZ for aerobic fitness was not a surprise. PA participation among females declines [4] dramatically between the ages of 12-18 years old. Due to this knowledge and previous research showing a moderate relationship between PA participation and aerobic fitness it was expected that more males than females would have been classified in the HFZ [13] . However, one must remember that there are many other factors besides PA participation that influences aerobic fitness such as age, genetics, developmental factors, body composition and motivation [18] that were not accounted for in the current study.
Despite the majority of the students failing the exam positive relationships did exist between exam scores, body composition and estimated VO 2max whether examining the data continuously or by grouping the data in the FITNESS-GRAM health fitness zones. These relationships suggest that a by product of health-related fitness knowledge is healthy body composition and aerobic fitness. As this was the first study to compare HRF knowledge to aerobic fitness and body composition further research is needed among this population and elementary/junior high school students before these results can be generalized to other groups.
The implications of this study apply directly to physical education programs, teachers and physical education teacher preparation programs in the U.S. Physical education has been identified as a key setting to educate youth on health-related fitness concepts in hopes to reduce the obesity epidemic in the U.S. Although the results of this study show that the majority of students had good aerobic fitness and body composition the students demonstrated inadequate health-related fitness knowledge therefore cannot be deemed "physically educated". Responsibility to teach fitness knowledge falls on the PE teacher. It has been noted that Physical Education Teacher preparation programs at universities do not adequately train pre-service teachers in the area of health-related fitness [16] . Additionally, Castelli and Williams [6] identified that the main problem persists at the professional level because few physical education teachers participate in professional activities, such as attending conferences, reading professional journals, or participating in workshops that would provide current information regarding fitness knowledge [14] . Therefore if health-related fitness knowledge is important in sustaining and or adopting a healthy active lifestyle we need to hold the professionals in physical education accountable.
The limitations of this study are important to note. First, the students in this study may or may not have been enrolled in a PE class that taught health-related fitness concepts or had a teacher who addressed these concepts. A conceptually based PE course has been found to increase student knowledge [2] . Second, the exam was not part of their overall grade, some students might not have taken the exam seriously. Lastly, no other factors such as PA levels motivation or parental influence were accounted for. Exploring these additional variables might have given more insight to why the sample had adequate %BF and estimated VO 2max and inadequate HRF knowledge.
This was the first study to compare %BF and estimated VO 2max to health-related fitness knowledge. The results confirmed previous findings that students have inadequate HRF knowledge. Furthermore the study extends these findings by identifying some associations of %BF and estimated VO 2ma x to HRF knowledge. The results underscore that more efforts are needed to teach adolescents healthrelated fitness concepts and potentially mandating a concepts-based physical education course in schools.
